Abstract In view of the outbreaks of the highly pathogenic avian influenza (HPAI) H5N1 virus in poultry in India, its impact on global public health and growing concerns of avian influenza (AI) viruses, surveys in wet poultry markets were conducted in the states of Maharashtra, West Bengal and Jharkhand in India during the period [2009][2010][2011][2012]. During these surveys various types of samples from poultry were collected. During outbreaks and surveys in poultry, tracheal swabs (TS), cloacal swabs (CS), poultry drinking water (PDW) samples and fecal samples (FS) are preferred samples for AI diagnosis. The suitability of various types of poultry samples for AI virus isolation was analyzed. The parameters such as availability of specimen, ease of collection, quality of the specimen for the presence of contaminants such as organic debris or solid matter were considered for the analysis. A total of 2,405 samples were collected, which included 1,297 TS, 1,012 CS, 79 PDW, and 17 FS. Out of 2,309 TS and CS samples 1,752 samples were paired samples, collected from 876 birds. All samples were processed for virus isolation and identification. Of the 2,405 samples AI H9N2 was isolated from 199 samples (8.27 %). The virus isolation rate was significantly higher in PDW samples (21.5 %) (P \ 0.05) and TS samples (12.1 %), in comparison with CS (2.3 %) (P \ 0.001). Other viruses isolated were AI H4N6 and HPAI H5N1viruses; however the number of isolates of AI H4N6 and H5N1 were not sufficient for comparison. In conclusion, the PDW and TS samples were suitable for AI H9N2 virus isolation from poultry.
In view of the outbreaks of highly pathogenic avian influenza (HPAI) H5N1 in poultry, its impact on global public health and growing concerns of avian influenza (AI) viruses, surveys were conducted in wet poultry markets in the states of Maharashtra, West Bengal and Jharkhand in India during the period 2009-2012 [1, 6] (http://www.fao.org/docrep/015/ an388e/an388e.pdf). The AI surveillance was performed in Maharashtra, West Bengal and Jharkhand states because these states reported outbreaks of HPAI H5N1 viruses and in the current scenario of emerging AI viruses in South-East Asia, AI surveillance studies are necessary to monitor AI viruses. During these surveys, tracheal swabs (TS), cloacal swabs (CS), fecal samples (FS) and poultry drinking water (PDW) samples were collected for diagnosis of AI viruses. AI viruses are transmitted primarily by the fecal-oral route. During AI surveillance, TS, CS, FS and PDW samples are collected for AI diagnosis (http://whqlibdoc.who.int/hq/ 2002/WHO_CDS_CSR_NCS_2002.5.pdf). Collection and processing of all types of samples is labour intensive, time consuming and expensive. Therefore, it is necessary to determine suitability of samples for diagnosis of AI viruses. With this background, the present study was undertaken to determine the suitability of various types of poultry samples for AI virus isolation. The parameters such as availability of the specimen, ease of collection, quality of specimen for the presence of contaminants such as organic debris or solid matter were considered for the analysis.
A total of 2,405 samples were collected from poultry, which included 1,297 TS, 1,012 CS, 79 PDW, and 17 FS. Out of 2,309 TS and CS samples 1,752 samples were paired samples, collected from 876 birds. PDW samples were collected from the drinking water containers of birds kept inside the cages and only fresh and wet FS were collected. Samples were collected using sterile swabs (HiMedia Labs) in 1 ml of viral transport medium (VTM) containing antibiotics, penicillin G (2 9 10 4 U/ml), gentamicin (2.5 mg/ ml), streptomycin (2 mg/ml) and nystatin (0.5 9 10 3 U/ml). Samples collected were sealed, packed and transported immediately to the laboratory while maintaining the cold chain and stored at -80°C until testing.
The samples were processed in Biosafety level -2 and -3 (BSL-2 and BSL-3) laboratories as per biosafety guidelines for handling AI viruses. All samples were processed for virus isolation in 10-day-old embryonated chicken clean eggs from antibody negative flocks (Venkateshwara Hatcheries Pvt. Limited, Pune, India). Processing of the samples was carried out in BSL-2 and -3 laboratory as required. Hemagglutination (HA) positive samples were identified by hemagglutination inhibition (HI) assay using a panel of reference antisera (H1-H16) (OIE/FAO National Reference Laboratory for AI and Newcastle disease, Legnaro, Italy). Neuraminidase (NA) subtyping was done by partial sequencing of NA gene [6] (http://whqlibdoc.who. int/hq/2002/WHO_CDS_CSR_NCS_2002.5.pdf).
Of the 2,405 samples, AI H9N2 was isolated from 199 samples (8.27 %). Virus isolation rate was significantly higher in PDW samples (21.5 %) (P \ 0.05) and TS samples (12.1 %), in comparison with CS (2.3 %) (P \ 0.001) ( Table 1 ). The number of FS was not adequate for comparison. AI H4N6 and HPAI H5N1 viruses were also isolated from different types of samples. AI H4N6 virus (number of isolates = 01) was isolated from only CS; whereas HPAI H5N1 (number of isolates = 10) virus isolates were obtained from TS, CS and PDW samples. The numbers of isolates of AI H4N6 and HPAI H5N1 viruses were low for sample wise comparison.
Collection of environmental samples (PDW and FS) is useful to study the presence of the virus in birds in groups. The higher rates of AI virus isolation were found in PDW samples. These findings are similar to the findings by Leung et al. [5] . The PDW is a convenient, non-invasive sample in wet poultry markets. Advantage of PDW sample is that one need not screen individual bird from the flock as the water sample represents the whole flock. Persistence of AI viruses in water under different conditions of temperature and pH has been studied. AI virus viability in the environment depends on the cumulative effects of chemical and physical factors, such as humidity, temperature, pH, salinity, and organic compounds, as well as differences in the virus itself [4, 7] . It has been shown that AI viruses remain viable for an extended period of time in water [8] . However the PDW sample limits its use to understand the virus distribution in individual bird. Therefore sampling of TS or CS has been shown to be useful to understand the extent of distribution of AI viruses in individual birds, which is also helpful to understand the viral load in the poultry.
During this study, very few FS were collected because the present study was conducted in poultry, where individual birds were available for sampling. FS are acidic in pH due to presence of uric acid and viability of AI virus has been shown to be reduced with acidic pH [2, 7] . In case of TS and CS, advantage of use of TS over CS was that TS did not contain large amounts of contaminants like organic debris or solid matter which were present in CS. This could be one of the possible reasons of better virus isolation rates of AI H9N2 virus in TS than CS samples. Krauss et al. [3] suggested that AI H9N2 viruses are shed primarily through the respiratory tract and may not be detected in CS. The findings of the present study are in agreement with this study showing higher rates of AI H9N2 virus isolation in TS than CS.
The predominant virus isolated was AI H9N2. The other AI viruses including HPAI H5N1 may have different shedding patterns, which need further studies. In conclusion PDW and TS were suitable over CS and FS for AI H9N2 virus isolation from poultry. 
